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nhanced Baroreceptor
ontrol of the Cardiovascular System by
olyunsaturated Fatty Acids in Heart Failure Patients
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aria Bianchi Janetti, MD,* Maria G. Signorini, PHD,‡ Paolo Castiglioni, PHD, Arianna Azzellino, PHD,§
iuseppe Mancia, MD,* Alberto U. Ferrari, MD*†
ilan and Monza, Italy
OBJECTIVES The intention of this study was to test the hypothesis that, in heart failure patients, dietary
supplementation of polyunsaturated fatty acids (PUFA) enhances arterial baroreceptor
control of the cardiovascular system.
BACKGROUND Administration of PUFA reduces the risk of life-threatening arrhythmias in patients surviving
myocardial infarction. This might result from potentiation of arterial baroreflexes, but
whether or not PUFA enhance baroreflex function has never been studied in humans.
METHODS Patients with post-myocardial infarction left ventricular dysfunction underwent beat-to-beat
blood pressure (BP) (Finapres, Ohmeda Inc., Englewood, Colorado) and R-R interval
(electrocardiogram) recording; baroreceptor reflexes were assessed from the bradycardic and
depressor responses to graded neck suction (NS) as well as by computation of the alpha
“spontaneous” baroreflex sensitivity index. Assessments were repeated after prolonged
treatment with PUFA (2 g/die, n  15) or placebo (n  10).
RESULTS Baseline BP and R-R interval were unaffected by PUFA. Both reflex depressor and
bradycardic responses to NS increased after PUFA (respectively from0.09 0.01 to0.16
 0.01 mm Hg · mm Hg1, p  0.01, and from 1.25  0.9 to 1.76  1.1 ms · mm Hg1,
p 0.04) but not after placebo. The spontaneous baroreflex sensitivity increased in the PUFA
(from 8.99  1.4 to 12.2  1.2 ms · mm Hg1, p  0.02) but not in the placebo group.
Polyunsaturated fatty acids (but not placebo) treatment also significantly increased R-R
interval total variance and low-frequency and high-frequency spectral powers.
CONCLUSIONS Dietary PUFA supplementation markedly potentiates baroreflex function and enhances heart
rate variability in patients with stable congestive heart failure. (J Am Coll Cardiol 2006;48:


















oietary supplementation of N-3 polyunsaturated fatty acids
PUFA) has been shown to reduce the risk of life-
hreatening arrhythmias in post-myocardial infarction
post-MI) patients (1–4). However, the mechanisms un-
erlying such beneficial effect have not been completely
larified. In particular, although PUFA have been shown to
See page 1607
ave direct cardiac effects (5,6), which may play a role in
heir antiarrhythmic action (e.g., reduction of ventricular
utomaticity and prolongation of effective refractory pe-
iod), no evidence exists whether they can also favorably
odulate reflex cardiovascular control, whose derangement
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Milan).i
Manuscript received March 10, 2006; revised manuscript received May 9, 2006,
ccepted May 22, 2006.as shown to significantly contribute to the high sudden
eath rate that characterizes the heart failure patient (7).
We therefore set up the present study to test the
ossibility that in post-MI, clinically stable, mild-to-
oderate congestive heart failure patients’ dietary PUFA
upplementation enhances the control exerted by arterial
aroreceptors on the cardiovascular system.
The assessment was based on a 2-fold technical approach:
) measurement of the bradycardic and depressor responses
o selective carotid baroreceptor stimulation by the neck
uction technique (8,9); 2) computation of the so-called
spontaneous” baroreceptor control of heart rate by cross-
pectral analysis of prolonged beat-to-beat blood pressure
ecordings (10).
ETHODS
tudy population. Twenty-five patients (24 men, 1
oman) with chronic post-MI systolic heart failure (ejec-
ion fraction lower than 40%) were recruited. In order to
void that the comparison of baroreflex responses on versus
ff PUFA supplementation be confounded by modifications
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October 17, 2006:1600–6 Fish Oil and Arterial Baroreflexesompensation or drug regimen, we restricted recruitment to
linically stable subjects on optimized drug treatment with
eta-blockers, angiotensin-converting enzyme inhibitors,
nd diuretics. Twenty-three patients were also receiving
tatins. Administration of the above as well as of any other
ngoing drug was kept unmodified throughout the study.
xclusion criteria were clinical instability, recent (3
onths) changes in drug regimen, evidence of (inducible)
yocardial ischemia, sustained atrial or ventricular arrhyth-
ias, chronic obstructive pulmonary disease, diabetes mel-
itus, or any other major system disease. All patients were
urrent non-smokers. The protocol was approved by our
ocal ethical review board. All patients gave written consent
o participate in the study after being informed about its
ature and purpose. Patient characteristics including infor-
ation on ongoing drug treatment are shown in Table 1.
rotocol and data collection. In order to exclude hemo-
ynamic instability, each patient underwent a clinical exam-
nation that included history and physical examination with
etermination of the New York Heart Association (NYHA)
eart failure functional class, 12-lead electrocardiogram
ECG), a symptom-limited cardiorespiratory exercise test
ergospirometer model CPX/D, Medical Graphics Italy,
ilan, Italy), and a complete echocardiographic evaluation.
Patients were then randomly allocated to treatment for 4
onths with PUFA (2 g/day) or with placebo. Polyunsat-
rated fatty acids were manufactured as soft capsules with a
ontent of eicosapentaenoic (EPA) and docosahexaenoic
cid (DHA) of no less than 85% with an EPA/DHA ratio
f 0.9 to 1.5. Placebo capsules were provided by the hospital
harmaceutical service. Randomization was performed ac-
ording to a 3:2 (PUFA/placebo) criterion. The sample size
as calculated in order to disclose a 30% to 40% PUFA-
elated increase in baroreflex sensitivity.
able 1. General Clinical Characteristics of Actively and
lacebo-Treated Patient Groups
Placebo (n  10) PUFA (n  15)
ge (yrs) 60.1  2.7 59.4  2.5
O2 peak (ml/kg/min) 18.0  2.08 16.8  1.1




ntries preceding and following  denote mean and SEM.
Abbreviations and Acronyms
DHA  docosahexaenoic acid
EPA  eicosapentaenoic acid
HF  high frequency
LF  low frequency
NYHA  New York Heart Association
post-MI  post-myocardial infarction
PUFA  polyunsaturated fatty acidss
ACE  angiotensin-converting enzyme; PUFA  polyunsaturated fatty acids;
O2  volume of oxygen.No attempt was made to blind actively treated patients to
he taste of PUFA. However, patients were unaware of the
aste issue, in that they did not expect to experience any
pecial taste on taking the study pills; thus placebo-treated
atients had no elements to suspect that the pills they were
aking were pharmacologically inactive.
At the end of the study, blood was drawn to determine
igh sensitivity C-reactive protein (immunonephelometric
ethod) and plasma concentrations of PFAs, EPA, and
HA (gas chromatography).
Before and during the final week of randomized treat-
ent, each patient underwent a laboratory study for the
valuation of the arterial baroreflex and of cardiovascular
ariability. Each participant was asked to refrain from
rinking coffee and tea in the 24 h preceding the experi-
ental session. All recordings were performed in the early
fternoon in a quiet room with a temperature between 20°C
nd 23°C. The patient lay supine throughout. Recorded
ignals included: pulsatile finger blood pressure by Finapres
Ohmeda Inc., Englewood, Colorado), ECG and ventila-
ory activity by a custom-made thoracic impedance device.
ignals were fed through an analog-to-digital converter into
personal computer at a sampling rate of 500 Hz, visualized
hroughout on the computer screen, acquired and stored in
he computer memory during the periods of interest (see the
ollowing text). The neck suction stimulus was applied by
eans of a pneumatic chamber fitted around the individual’s
eck and connected to a commercial vacuum cleaner
dapted with a user-controlled leak to obtain the desired
egree of suction, monitored via a Statham pressure trans-
ucer (Ametek Power Instruments, Rochester, New York).
he study started after 5 to 10 min of quiet resting. It
onsisted of 4 separate and randomly sequenced experimen-
al periods, as follows: period 1: 10-min recording under
esting conditions and spontaneous breathing; period 2:
0-min recording under resting conditions and controlled
espiration at 15 cycles/min; period 3: 5-min recording
nder spontaneous breathing during which 2 neck suction
timuli were applied. The first stimulus consisted of a 30-s
eck suction at 20 mm Hg after a 120-s control pre-
timulus period. The second stimulus consisted of a 30-s
eck suction at 40 mm Hg after a 60-s pre-stimulus
eriod; period 4: same recordings and procedures as period
. A recovery interval lasting 3 to 5 min was allowed after
ach experimental period. Univariate and bivariate spectral
nalysis was only computed on the data colleted during period
, to avoid excess non-stationarities in the analyzed signals.
ata analysis. Systolic and diastolic blood pressure, mean
rterial pressure, and R-R interval were derived beat-by-
eat from the recorded blood pressure and ECG signals.
AROTID SINUS BARORECEPTOR STIMULATION. The peak
radycardic and depressor responses observed within 15 s of
he onset of neck suction were calculated as the average
alue of the 2 consecutive beats showing the greatest and
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Fish Oil and Arterial Baroreflexes October 17, 2006:1600–6espectively. The regression of the peak reflex responses to
he graded negative neck chamber pressures was calculated,
he slope of the regression being taken as the measure of
aroreflex sensitivity. The magnitude of the observed re-
ponses in periods 3 and 4 were averaged.
NIVARIATE SPECTRAL ANALYSIS. A detailed description of
he spectral analysis technique used in this study has been
eported previously (11,12). In brief, time series of blood
ressure and pulse interval values obtained during controlled
reathing were analyzed by a parametric spectral estimation
ethod based on an autoregressive model. The method
llows the spectral power to be quantified in terms of central
requency (in Hz) and amplitude (in ms2 or mm Hg2) of the
ifferent variability components. Spectral powers of blood
ressure and R-R interval time series were calculated in
re-set bands, termed low frequency (LF) (0.04 to 0.15 Hz)
nd high frequency (HF) (0.15 to 0.50 Hz) bands (13).
IVARIATE CROSS-SPECTRAL ANALYSIS. The cross-spectral
nalysis used to calculate the spontaneous baroreflex sensi-
ivity has also been previously described (10). In brief, the
oherence between the changes in systolic blood pressure
nd R-R interval was calculated during controlled breathing
nd considered to be significant when the squared coherence
odulus was above 0.5 (11,12). The root-squared ratio
etween the spectral powers of coherent R-R interval and
ystolic blood pressure variations, called alpha index, which
uantifies the sensitivity of baroreflex control of heart rate
nder closed-loop conditions, was separately calculated for
he LF and HF bands (10).
tatistical comparisons. Statistical significance of the dif-
erences in baseline parameters and in alpha indexes after
ersus before treatment was assessed by the non-parametric
ilcoxon rank test.
Significance of the differences of the slopes calculated by
nalyzing the responses to the neck suction stimulus after
ersus before treatment was assessed by an analysis of
ovariance generalized linear model with a single-factor
epeated measures design. The factors considered by the
odel included: 1) a between subjects’ independent factor
Table 2. Mean Initial and Final Values of Eje
Interval, and R-R Interval Variability Paramet
Placeb
Initial
Ejection fraction (%) 36.6  2.5
Weight (kg) 77.9  4.5
NYHA functional class 2.44  0.3
SBP (mm Hg) 124  3
DBP (mm Hg) 81  3
R-R interval (ms) 954  37
R-R variance (ms2) 814  112
R-R–LF (ms2) 101  34
R-R–HF (ms2) 113  39
Entries are mean values  SEM. *p  0.05 final versus ini
DBP  diastolic blood pressure; HF  high frequency; LF  low
polyunsaturated fatty acids; SBP  systolic blood pressure.i.e., PUFA vs. placebo group); 2) a within subjects’ re-
eated factor (i.e., after vs. before treatment); and 3) a
ovariate (i.e., the neck suction stimulus) (14). Moreover,
e also tested whether the increments of slopes after versus
efore treatment were significantly different between the 2
roups (unpaired t test).
Significance of the changes in spectral powers after versus
efore treatment were evaluated by the paired t test after
ogarithmic transformation or by the Wilcoxon non-
arametric rank test as appropriate.
For each comparison, the level of statistical significance
as set at a value of p  0.05.
ESULTS
lood chemistry. At the final evaluation, the plasma con-
entrations of polyunsaturated acids were significantly
igher in the treated compared with the placebo group
placebo group: EPA 4.8  1.3, DHA 10.7  1.1
g · mg1 · l1; PUFA group: EPA 10.5  1.1, DHA
5.8 0.9 g · mg1 · l1, both p 0.01). High sensitivity
-reactive protein was similar in the 2 groups and was
naffected by PUFA treatment (placebo group: 2.6  1.5;
UFA group: 2.5  0.7 mg · l1, p  NS).
ardiovascular parameters. Echocardiographically deter-
ined left ventricular function as well as NYHA functional
lass and body weight were all unchanged at the final
ompared with the initial evaluation in both the PUFA- and
he placebo-treated groups (Table 2).
Baseline blood pressure was similar in the 2 groups and
as unaffected by either PUFA or placebo treatment.
aseline R-R interval was also similar in the 2 groups and
as unchanged after placebo treatment whereas after PUFA
reatment it showed a trend to a lengthening (amounting to
bout 60 to 70 ms or 4 to 5 beats/min), which, however, did
ot reach statistical significance (Table 2). In line with
revious findings, R-R interval variability, computed as
ither total variance or spectral power, was significantly and
arkedly enhanced after PUFA treatment, whereas it was
nchanged after placebo treatment (Table 2).
Fraction, Body Weight, Blood Pressure, R-R
PUFA
Final Initial Final
8  2.1 34.7  1.5 34.5  1.8
1  3.2 77.3  2.0 78.1  2.4
9  0.3 2.34  0.2 2.36  0.3
0  4 119  5 119  4
8  3 78  3 79  3
3  34 921  29 987  39
4  92 845  124 1,265  220*
6  39 50  21 190  51†
8  47 210  69 370  106*
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October 17, 2006:1600–6 Fish Oil and Arterial Baroreflexesesponses to carotid baroreceptor stimulation. As shown
n the examples of Figure 1, the bradycardic responses to
eck suction were larger after versus before PUFA treat-
ent, whereas they showed no consistent modifications
fter versus before placebo treatment (center panels); the
ame applied to the depressor responses to neck suction (top
anels). As shown in Figure 2, this pattern was confirmed in
he group analysis in which the average slopes of the
radycardic (or depressor) responses to neck suction were
ignificantly steeper after versus before PUFA treatment
p  0.005 for the R-R interval slopes and 0.00013 for
he mean arterial pressure slopes) but not after versus before
lacebo treatment. In fact, the change in the bradycardic
lopes was significantly greater in the PUFA- than in the
lacebo-treated group (0.51  0.16 vs. 0.11  0.26
s · mm Hg1, p  0.04), and the same was observed for
he depressor slopes (0.06  0.01 vs. 0.02  0.01 mm
g · mm Hg1, p  0.006).
Spontaneous” baroreceptor control of heart rate. As
hown in Figure 3, the alpha index (computed in either the
F or HF spectral band) was similar in the 2 groups at
aseline, whereas at the final evaluation its values were
ignificantly increased in the group treated with PUFA but
ere unchanged in the placebo-treated group.
ISCUSSION
ur study provides the first demonstration that a 4-month
ietary supplementation of polyunsaturated fatty acids is
igure 1. Carotid baroreceptor stimulation. Examples showing the effects o
eart rate (HR) (center) in a placebo- (left) and in a polyunsaturated fatty a
ote the modest responses to carotid baroreceptor stimulation observed in
esponses after 4 months of treatment with PUFA but not with placebo.ccompanied by a partial restoration of several indices of cardiovascular homeostatic control that are typically de-
ressed in the heart failure patient, namely: 1) baroreceptor
ontrol of heart rate; 2) baroreceptor control of the periph-
ral vasculature; and 3) heart rate variability. It also shows
hat the extent of the baroreflex improvement was far from
rivial: in the neck suction experiments, the calculated slopes
or the bradycardic and depressor responses were respec-
ively 40% and 75% steeper during PUFA treatment than
t baseline. This made the slopes only slightly less steep
n PUFA-treated heart failure patients compared with
ge-matched healthy patients studied by the same tech-
ique (14).
Before discussing the mechanisms underlying these re-
ults and their possible pathophysiological and clinical
mplications, some methodological strengths of our study
ave to be emphasized.
The most important one is that we assessed the baroreflex
y a 2-fold approach: 1) the neck suction technique (8,9),
hich allows one to grade the stimulus applied to carotid
aroreceptors and thus to characterize the baroreflex
timulus-response relationship both for the cardiac and the
lood pressure component of the baroreflex (15); 2) com-
utation of the alpha index, which cross-spectrally estimates
he ability of the baroreflex to modulate heart rate under
spontaneous” conditions (i.e., in absence of any laboratory
timuli) (10,11).
A second technical feature relates to inclusion in the
rotocol of blood pressure recordings sessions that were
k suction (NS) (40 mm Hg, bottom) on blood pressure (BP) (top), and
UFA)-treated (right) patient both before (pre) and after (post) treatment.
patients at the initial evaluation and the clearcut depressor and bradycardicf nec
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Fish Oil and Arterial Baroreflexes October 17, 2006:1600–6erform univariate and bivariate spectral analysis: the pur-
ose was to avoid a serious pitfall of frequency domain
echniques (i.e., the occurrence of erratic modifications of
ardiovascular variability related to episodes of irregular
reathing), which is a quite common event in heart failure
atients (16,17).
igure 2. R-R interval (top) and mean arterial blood pressure (bottom) r
upine individuals before (solid lines, circles) and after (dotted lines, tria
right) or placebo (left). Mean values  SEM of the responses to 20 m
he reflex response to the stimulus are shown. Slopes and correlation co
upplementation.
igure 3. Alpha baroreflex index before and after placebo (white bars) and
olyunsaturated fatty acid (PUFA) (shaded bars) treatment. Note that in
he PUFA-treated group the alpha index increased significantly both in thep
ow-frequency (LF) and high-frequency (HF) bands. **p  0.01 versus
aseline.Although addressing the mechanisms underlying PUFA-
nduced modifications of baroreflex function was not among
he goals of our study, our results prompt several consider-
tions on this issue. One, the baroreflex potentiation cannot
e aspecifically ascribed to a treatment-related attenuation
f the severity of heart failure, because the functional
chocardiographic parameters as well as the patients’ clinical
tatus and NYHA functional class were superimposable at
aseline and after PUFA treatment. Two, the evidence that
he potentiation involved not only the heart rate but also the
lood pressure control exerted by arterial baroreceptors
uggests that the influence of PUFA involves both the vagal
which largely accounts for the reflex heart rate changes) and
he sympathetic component of the baroreflex and is there-
ore presumably expressed at sites located in the afferent
nd/or central portion of the reflex arch. We can speculate
hat afferent mechanisms may include an attenuation (18) of
he arterial stiffening brought about by heart failure (19),
lthough a direct effect of PUFA on baroreceptor firing in
esponse to physiological stimuli or on its central neural
ses to carotid baroreceptor stimulation by graded neck suction in resting
) 4 months of dietary polyunsaturated fatty acid (PUFA) supplementation
and 40 mm Hg neck suction and the derived regression lines relating
nts (r) are indicated for each regression line. **p  0.01 versus beforeespon
ngles
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October 17, 2006:1600–6 Fish Oil and Arterial Baroreflexeshe site of the action of PUFA, the observation that serum
igh sensitive C-reactive protein concentration was super-
mposable in the actively and placebo-treated groups sug-
ests that no anti-inflammatory effect of PUFA was in-
olved. This is not surprising because C-reactive protein
evels were low even in the placebo-treated group, probably
ue to the fact that most recruited patients were under statin
reatment (Table 1), which by its own exerts an anti-
nflammatory influence (23).
Our results have clinical implications. One, our dietary
reatment ameliorated 3 parameters whose depression cor-
elates with an adverse prognosis in heart failure patients,
amely baroreflex sensitivity (7), overall heart rate variabil-
ty, and LF spectral power of R-R interval (24,25). Two,
estoration of the depressor responses to neck suction by
UFA may favorably affect cardiovascular homeostasis,
hich means better cardiovascular adjustments to exercise,
igestion, orthostatic stimuli, and other daily life behaviors.
hree, the favorable effect of PUFA on the baroreflex
ccurred in heart failure patients that were all under
reatment with both beta-blockers and angiotensin-
onverting enzyme inhibitors (i.e., with drugs that are
nown to potentiate the vagal and sympathetic components
f the baroreflex in heart failure) (26,27). This means that
he baroreflex effect of these substances is additive to that of
ther treatments. Four, the trend we observed to a reduction
n baseline heart rate with PUFA is in line with a recently
eported meta-analysis according to which these substances
re accompanied by a 2 to 3 beat/min reduction in heart rate
28); on the other hand, it is not surprising that we failed to
bserve any trend to a reduction in baseline blood pressure
ecause in virtually all patients the ongoing drug regimen
dministered for the treatment of heart failure was already
xerting a significant blood pressure–lowering influence.
Five, the PUFA-related changes in LF spectral power of
eart rate variability suggest that this treatment evoked an
ttenuation of sympathetic overactivity; this is because, at
ariance with healthy subjects, in heart failure patients
xaggerated sympathetic tone translates into blunted rather
han enhanced LF oscillations of heart rate (29). Likewise,
he PUFA-related increase in HF power likely reflects
estoration of the blunted cardiac parasympathetic influ-
nces. As to this interpretation, one might argue that
stimation of sympathetic function by a spectral approach is
nferential in nature and must be interpreted with caution,
nd that our baroreflex study tested the sympatho-inhibitory
ut not the sympatho-excitatory limb of the reflex; this
ould mean that, in all, our findings do not exclude that
hile able to moderate tonic sympathetic outflow and to
otentiate phasic sympatho-inhibitory responses, PUFA
reatment may fail to restrain or might even enhance phasic
ympatho-excitatory responses. No matter how likely it may
e, this possibility will merit direct experimental testing,
specially considering the provocative suggestion (30) that
UFA may not lower, or may even raise, the propensity to
entricular arrhythmias; it must at any rate be emphasized ohat this relates to patients with a primary arrhythmogenic
ubstrate and is unlikely to apply to the large population
f post-MI heart failure patients (31), such as our own or
hose in the GISSI Study (Gruppo Italiano per lo Studio
ella Sopravvivenza nell’Infarto miocardico acuto-1) (1),
n whom PUFA proved to be anti- rather than pro-
rrhythmic.
Our study also has some potential limitations. First, we
ould only determine fatty acid concentrations at the end of
he experimental treatment period. This was because we
ere supplied with a limited number of plasma sampling
its, which made it impossible for us to sample both pre-
nd post-treatment, as well as to perform determinations
ther than in plasma (e.g., in red cell membranes). It is
owever to be considered that: 1) we collected dietary
nformation in all patients; in particular, we ascertained that
one of the recruited patients ate seafood more often than
nce a week (which is quite normal for Northern Italian
ietary habits), whereas the 2 g daily dosage administered to
he PUFA group subjects determines an intake of PUFA
orresponding to that of individuals eating large amounts of
eafood (at least 200 g of fatty fish per day); 2) compared
ith the placebo-treated subjects, the PUFA-treated ones
isplayed plasma PUFA concentrations 100% and 50%
arger for EPA and DHA, respectively. We can thus most
easonably exclude that the observed differences in plasma
oncentrations of PUFA between the 2 groups were pre-
xistent to our randomized treatment, so that this issue
hould not have acted as a confounder in the interpretation
f the baroreflex findings.
Second, although PUFA treatment enhanced patients’
aroreflex function, this was not paralleled by significant
mprovements in clinical status as inferred by body weight,
YHA functional class, and echocardiographic parameters.
lthough they should be interpreted with caution because
f the limited size of our population, these clinical data
uggest that in the heart failure syndrome PUFA admin-
stration has little symptomatic relevance. This does not
etract, however, from the clinical relevance of the
aroreflex potentiation, which one would expect to have
ore bearing with a reduction in the risk of sudden and
ll-cause death than with an improvement in the symp-
omatic picture.
In conclusion, we demonstrated that administration to
eart failure patients of a diet enriched in PUFAs is
ssociated with a substantial improvement of arterial barore-
ex function (in terms of both cardiac and peripheral
ascular control) and of heart rate variability (total variance
s well as power of its spectral components). Notably,
lterations in most of the cardiovascular homeostatic
arameters examined in our experiments are known to
redict an adverse prognosis in the heart failure patient,




























1606 Radaelli et al. JACC Vol. 48, No. 8, 2006
Fish Oil and Arterial Baroreflexes October 17, 2006:1600–6eprint requests and correspondence: Dr. Alberto U. Ferrari,
entro Fisiologia Clinica e Ipertensione, Via F. Sforza, 35, 20122
ilan, Italy. E-mail: a.ferrari@hsgerardo.org.
EFERENCES
1. The GISSI-prevenzione Investigators. Dietary supplementation with
n-3 polyunsaturated fatty acids and vitamins E after myocardial
infarction: results of the GISSI-prevenzione trial. Lancet 1999;354:
447–55.
2. Burr ML, Fehily AM, Gilbert JF, et al. Effects of changes in fat, fish,
and fibre intakes on death and myocardial reinfarction: diet and
reinfarction trial (DART). Lancet 1989;2:757–61.
3. Albert CM, Campos H, Stampfer MJ, et al. Blood levels of long-chain
n-3 fatty acids and the risk of sudden death. N Engl J Med 2002;346:
1113–8.
4. Leaf A, Albert CM, Josephson M, et al. Prevention of fatal arrhyth-
mias in high-risk subjects by fish oil n-3 fatty acid intake. Circulation
2005;112:2762–8.
5. Leaf A, Kang JX, Xiao YF, Billman GE. Clinical prevention of sudden
death by n-3 polyunsaturated fatty acids and mechanism of prevention
of arrhythmias by n-3 fish oils. Circulation 2003;107:2646–52.
6. Leaf A. The electrophysiologic basis for the antiarrhytmic and anti-
convulsant effects of n-3 polyunsaturated fatty acids: heart and brain.
Lipids 2001;36:S107–10.
7. La Rovere MT, Bigger JT Jr., Marcus FI, Mortara A, Schwartz PJ.
Baroreflex sensitivity and heart-rate variability in prediction of total
cardiac mortality after myocardial infarction. ATRAMI (Autonomic
Tone and Reflexes After Myocardial Infarction) Investigators. Lancet
1998;351:478–84.
8. Ludbrook J, Mancia G, Ferrari A, Zanchetti A. The variable neck-
chamber method for studying the carotid baroreflex in man. Clin Sci
Mol Med 1977;53:165–71.
9. Eckberg DL. Temporal response patterns of the human sinus node to
brief carotid baroreceptor stimuli. J Physiol 1976;258:769–82.
0. Pagani M, Somers V, Furlan R, et al. Changes in autonomic
regulation induced by physical training in mild hypertension. Hyper-
tension 1988;12:600–10.
1. Baselli G, Cerutti S, Civardi S, et al. Spectral and cross-spectral
analysis of heart rate and arterial blood pressure variability signals.
Comput Biomed Res 1986;19:520–34.
2. Baselli G, Cerutti S, Badilini F, et al. Model for the assessment of
heart period and arterial pressure variability interactions and of
respiration influences. Med Biol Eng Comput 1994;32:143–52.
3. Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology. Heart rate
variability: standards of measurement, physiological interpretation and
clinical use. Circulation 1996;93:1043–6.
4. Radaelli A, Raco R, Perfetti P, et al. Effects of slow, controlled
breathing on baroreceptor control of heart rate and blood pressure in
healthy men. J Hypertens 2004;22:1361–70.5. Mancia G, Ferrari A, Gregorini L, Valentini R, Ludbrook J, Zanchetti
A. Circulatory reflexes from carotid and extracarotid baroreceptor areas
in man. Circ Res 1977;41:309–15.
6. Bernardi L, Porta C, Gabutti A, Spicuzza L, Sleight P. Modulatory
effects of respiration. Auton Neurosci 2001;90:47–56.
7. Mortara A, Sleight P, Pinna GD, et al. Abnormal awake respiratory
patterns are common in chronic heart failure and may prevent
evaluation of autonomic tone by measures of heart rate variability.
Circulation 1997;96:246–52.
8. Leeson CP, Mann A, Kattenhorm M, Deanfield JE, Lucas A, Muller
DP. Relationship between circulating n-3 fatty acid concentrations
and endothelial function in early adulthood. Eur Heart J 2002;23:
216–22.
9. Giannattasio C, Failla M, Stella ML, et al. Alterations of radial artery
compliance in patients with congestive heart failure. Am J Cardiol
1995;76:381–5.
0. Chapleau MW, Li Z, Meyrelles SS, Ma X, Abboud FM. Mechanisms
determining sensitivity of baroreceptor afferents in health and disease.
Ann N Y Acad Sci 2001;940:1–19.
1. Porter TR, Eckberg DL, Fritsch JM, et al. Autonomic pathophysiol-
ogy in heart failure patients. Sympathetic-cholinergic interrelations.
J Clin Invest 1990;85:1362–71.
2. Leaf A, Kang JX, Xiao YF, Billman GÈ, Voskuyl RA. Functional and
electrophysiologic effects of polyunsaturated fatty acids on excitable
tissues: heart and brain. Prostaglandins Leukot Essent Fatty Acids
1999;60:307–12.
3. Sola S, Mir MQ, Lerakis S, Tandon N, Khan BV. Atorvastatin
improves left ventricular systolic function and serum markers of
inflammation in nonischemic heart failure. J Am Coll Cardiol 2006;
47:332–7.
4. La Rovere MT, Pinna GD, Maestri R, et al. Short term heart rate
variability strongly predicts sudden cardiac death in chronic heart
failure patients. Circulation 2003;107:565–70.
5. Bigger JT, Fleiss JL, Steinmann RC. The ability of several short-term
measures of RR variability to predict mortality after myocardial
infarction. Circulation 1993;88:927–34.
6. Grassi G, Cattaneo BM, Serravalle G, et al. Effects of chronic ACE
inhibition on sympathetic nerve traffic and baroreflex control of
circulation in heart failure. Circulation 1997;96:1173–9.
7. Pickering TG, Gribbin B, Petersen ES, Cunningham DJC, Sleight P.
Effects of autonomic blockade on the baroreflex in man at rest and
during exercise. Circ Res 1972;30:177–85.
8. Mozaffarian D, Geelen A, Brouwer IA, Geleijnse JM, Zock PL, Katan
MB. Effect of fish oil on heart rate in humans. A meta-analysis of
randomized controlled trials. Circulation 2005;112:1945–52.
9. van de Borne P, Montano N, Pagani M, Oren R, Somers VK. Absence
of low frequency variability of sympathetic nerve activity in severe heart
failure. Circulation 1997;95:1449–54.
0. Raitt MH, Connor WE, Morris C, et al. Fish oil supplementation and
risk of ventricular tachycardia and ventricular fibrillation in patients
with implantable defibrillators. JAMA 2005;293:2884–91.
1. Strauss MH. Fish oil supplementation and arrhythmias (letter).
JAMA 2005;294:2165.
